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(54) TiUe: INTERNET PROTOCOL TELEPHONY FOR A MOBILE STATION ON A PACKET DATA CHANNEL 
(57) Abstract 

A method and apparatus are provided for 
effectuating voice communication between a 
mobile station (130) and a mobile radio net- 
work. A gateway (100) to the mobile radio 
network receives (300) an incoming voice call 
for a destination mobile station (130) and ac- 
cesses (310. 315) information pertaining the 
status and location of the destination mobile 
station (130). A determination is made (320) 
as to whether the destination mobile station is 
(130) capable of operation in a voice mode 
using circuit-switched communications across 
a traffic channel. If the destination mobile 
station (130) is operable in the voice mode, 
a circuit-switched conununication on a traffic 
channel is established (330) between the mo- 
bile radio network and the destination mobile 
station (130). Otherwise, the incoming voice 
call is routed (340) to a voice gateway (200) 
which converts the voice call to data pack- 
ets and routes the data packets to the mobile 
station (130) across an Internet Protocol com- 
munication network (190) to a packet gateway 
(210) of die mobile radio network. The packet 
gateway (210) routes die call across a packet 
data channel of the mobile .radio network to tlie 
destination mobile station (130) using a packet 
data service. 






Voice 




Gotewoy 




Processor 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States paity to die PCT on the fhmt pages of pamphlets publishing international {^plications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia :• - 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Geoigia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


Mk 


The former Yugoslav 


TM 


IVufcmentstan 


BF 


Buifcina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


lYinidad and Tobago 


BJ 


Benin 


IB 


belsnd 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


ISTBBl 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Resmblic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoiie 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


\ tiftchTffHfftcin 


SD 


Sudan 






DK 


Denmaric 


UC 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 99/33250 



PCT/SE98/02395 



INTERNET PROTOCOL TELEPHONY FOR A MOBILE 
STATION ON A PACKET DATA CHANNEL 

BACKGROUND OF THE INVENTION 
Technical Field of the Invention 

The presmt invention potains in general to routing of voice and data traffic in 
5 a mobile radio network and, more particularly, to a method and apparatus for routing 
voice telephone calls received by a mobile radio networic to a destination mobile 
station via an Intemet Protocol communication network on a data packet channel. 

Description of the Related Art 

In addition to voice communication, mobile radio networks are increasingly 

1 0 supporting packet data services. Frequently, packet data services are used to connect 
digital terminal equipment, such as a personal computer communicating through a 
mobile station operating in the mobile radio network, to an Intemet Protocol (IP) 
communication network such as, for example, an Intemet or an Intranet. While voice 
communication is typically carried across the mobile radio network using circuit- 

1 5 switched communications on a traffic channel, data packets associated with the packet 
data service are carried across the mobile radio network using packet-switched 
communications on a packet channel. For example, data packets can be carried on the 
packet chaimel using a Transmission Control Protocol/Internet Protocol (TCP/IP). 
In certain situations, a mobile station is unable to support a voice connection 

20 using circuit-switched communications on the traffic chaimeL For example, the 
mobile station may be equipped to operate only in a packet mode using packet- 
switched communications on the packet channel, with no c^ability to communicate 
in a voice mode using circuit-switched communications on the traffic chaimel. In 
another example, tiie mobile station may be operating in the packet mode with the 

2 5 digital terminal equipment connected to the Intemet/Intianet on the packet channel at 
the time when a voice connection to the mobile station is being attempted. In this 
situation, unless the mobile station is equipped to operate simultaneously in both the 
packet mode and voice mode, the mobile station needs to release the connection on the 
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packet channel and register on the trafGc channel in order to commxuiicate in the voice 
mode. In yet another exanq>le» all trafQc channels available for voice communication 
with the mobile station may be in use and are, therefore, unavailable. In these and 
other similar situations, the mobile radio network is imable to provide voice 
5 communication with the mobile station. 

It would be advantageous, therefore, to devise a method and apparatus for 
providing voice communication between a mobile station operating in a packet mode 
, and a mobile radio network on a communication path other than a voice traffic 
channel. It would also be advantageous if such a method and apparatus routed the 
10 voice communication on a communication network other than the mobile radio 
network. 

SUMMARY OF THE INVENTION 

The preset invention comprises a method and apparatus for effectuating voice 
conmiunication between a mobile station and a mobile radio network. A gateway 

1 5 server to the mobile radio network receives an incoming voice call for a destination 
mobile station and accesses information pertaining the status and location of the 
destination mobile station. A determination is made as to whether the destination 
mobile station is capable of operation in a voice mode using circuit-switched 
communications across a traffic channel. If the destination mobile station is capable 

2 0 . of operation in voice mode, a circuit-switched commxmication on a traffic channel is 
" n; established between the mobile radio network and the destination mobile station. 
Otherwise, if the destination mobile station is not capable of operation in the voice 
mode and capable of supporting a packet switched communication on a packet 
channel, the incoming voice call is routed to a voice gateway SCTver which converts 

25 ttie voice call to data packets, and routes the data packets to tiie mobile station across 
an IP communication network to a packet gateway server of the mobile radio network. 
The packet gateway server routes the call via a packet data channel of the mobile radio 
network to the destination mobile station using a packet data service. 



Wo 99/33250 



PCT/SE98/02395 



-3- 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more CQnq>Iete understanding of flie present invention, reference is made 
to the following detailed description taken in conjunction with the accompanying 
drawings whmin: 

5 FIGURE 1 is a functional block diagram of an apparatus for effectuating voice 

communication between a mobile station and a mobile radio network consistent with 
a preferred embodiment of the present invention; 

FIGURE 2 is a flow diagram of a method for receiving voice communication 
by a mobile station from a mobile radio network consistent with the embodiment 
10 described in Figure 1; and 

FIGURE 3 is a signaling sequence diagram for receiving voice communication 
by a mobile station from a mobile radio network. 



DETAn^ED DESCRIPTION OF THE INVENTION 

Refming now to Figure 1, there is illustrated a functional block diagram of an 

1 5 apparatus for efifectuating voice communication between a mobile station and a mobile 
radio network consistent with a preferred embodiment of the present invention. A 
cellular telephone network comprises a Gateway Mobile services Switching Center 
(GMSC) 100, a Home Location Register (HLR) 1 10, and a Visited Mobile services 
Switching Center (VMSC) 120. The mobile radio network communicates with a 

2 0 plurality of mobile stations, including a first mobile station 130 and a second mobile 
station 140, over an air interface in a manner conforming to any conventional mobile 
radio network protocol including, but not limited to, the Personal Digital Cellular 
system (PDC), the Global System for Mobile communications (GSM), Advanced 
Mobile Phone Service (AMPS) and Digital Advanced Mobile Phone Service 

2 5 (DAMPS), among others. Although any protocol may be used in accordance with fhe 
present invention, the PDC protocol is used by way of example in this disclosure. 

The mobile radio network communicates with a Public Switched 
Telecommimication Netwoik/Litegrated Services Digital Network (PSTN/ISDN) 150 
and other communication networks 160 via the GMSC 100. Although Fig. 1 depicts 

30 the second mobile station 140 as communicating with the mobile radio network via 
the GMSC 100, the second mobile station 140, alternatively, can connect to the mobile 
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radio network via other portions of tiie mobile radio network 1 70 and is routed within 
the mobile radio network in a manner consistent with the particular mobile radio 
network protocol currently in use. 

To effectuate voice communication with a destination mobile station, which 
5 in this example is the first mobile station 130, incoming voice calls from the 
PSTN/ISDN 150 or other communication networks 160 are routed to the GMSC 100. 
The GMSC 100 requests routing mformation from the HLR 110 for routing the 
: incoming voice call to the destination mobile station 130. The HLR 110 stores 
:t- information pertaining to the destination mobile station 130 such as its operating 
1 0 mode, the identity of the VMSC 120 currently servicing the destination mobile station 
130 and routing information to the destination mobile station 130. Using the routing 
uifonnation provided by the HLR 1 10, the GMSC 100 routes the incoming voice call 
to the VMSC 120 which communicates with the destination mobile station 1 30 usmg 
circuit-switched commimications on the traf&c channel. 
15 To effectuate voice communication between the second mobile station 140 and 

the destination mobile station 130, incoming voice calls from the second mobile 
station 140 are routed to the GMSC 100 and handled in a manner consistent with that 
for incommg voice calls from the PSTN/ISDN 150. Alternatively, incoming voice 
calls from the second mobile station 140 are routed to the VMSC 120, and ultimately 
20 to the destination mobile station 130, via other portions of the mobile radio network 
. 7 1 70 in a manner consistent with the particular mobile radio network protocol currently 
i^- in use. 

To effectuate communication between digital temiinal equipment 1 80 such as, 
for example, a personal computer and an Ihtemet/Intranet 190 or other Internet 

2 5 Protocol (IP) communication network using a packet data service, flie digital terminal 

equipment 1 80 communicates with the mobile radio network via the mobile station 
130. Packet data is conmiunicated over the mobile radio network using packet- 
switched communications^ such as TCP/IP, on a packet channel. Packet data is routed 
between the destination mobile station 130 and a Packet Mobile services Switching 

3 0 Center (PMSC) 210 via the VMSC 120 using a packet data service commonly known 

in the industry. The PMSC 210 interfiaces the mobile radio network to the 
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Intemet/Intranet 190 or other IP commiimcation netwoik in a maimer also commonly 
known in the industry. 

To effectuate an alternative communication link between the mobile radio 
network and the destination mobile station 130, a Voice Gateway 200, for example, 
5 a voice gateway server provides an interface between the GMSC 100 and the 
Internet/Intranet 190 or other IP communication network. Although the Voice 
Gateway 200 is depicted in Fig. 1, as being remote to both the GMSC 100 and the 
VMSC 120, the Voice Gateway 200 may, alternatively, be co-located with some other 
node in the network. Incoming voice telephone calls addressed to the destination 

10 mobile station 130 are received by the GMSC 100. The GMSC 100 requests routing 
information from the HLR 1 10 for routing the incoming voice telephone call to the 
destination mobile station 130, and detemiines wheth^ &e destination mobile station 
130 is enable of operation in voice mode based on the information provided by the 
HLR 1 10. Ufhe destination mobile station 130 is cs^able of operation in voice mode, 

15 the HLR 1 10 provides the GMSC 100 with a response containing a pursuit routing 
number to the VMSC 120 and the incoming call is routed to the destination mobile 
station 130 as a circuit-switched communications on the trafiSc channel. If, on the 
other hand, the destination mobile station is incapable of operation in voice mode and 
the destination mobile station 130 is capable of supporting a packet-switched 

2 0 communication on a packet channel, the response from the HLR 110 contains a pursuit 
routing number to the Voice Gateway 200. The pursuit routing number to the Voice 
Gateway 200 indicates that the destination mobile station 130 is inequable of operating 
in voice mode and the GMSC 100 routes the incoming voice call, along with the 
response from the HLR 1 10, to the Voice Gateway 200. 

2 5 The identity of the destination mobile station 130 is mapped, either by look-up 

table or by calculation, by the HLR 110, the GMSC 100 or, alternatively, by a 
processor 201 associated with the Voice Gateway 200, to the current IP address 
assigned to the destination mobile station 1 30 used in the packet data connection. The 
Voice Gateway 200 routes the incoming voice call to the destination mobile station 

30 130 based on its current IP address. The incoming voice call is, thus, routed between 
the Voice Gateway 200 and the PMSC 210 across the Internet/Intranet 190, and 
between the PMSC 200 and the destmation mobile station 130 via the VMSC 120. 
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The IP connection across the IntemeWntninet 190 is set up using, for example, ITU-T 
H.323 protocol. The connection between the PMSC 210 and the destination mobUe 
station 130 uses the packet data service provided by the mobile radio network. 

The processor 201 in the Voice Gateway 200 also converts the incoming voice 
5 signal, typically a 64 kbps Pulse Code Modulation signal, received from the GMSC 
100 to an IP telq)hony signal using, for example, ITU-T G.723.1 coding specification 
over aUser Datagram Protocol/Intemet Protocol at 5,300 bps or, alternatively, at 6,300 
bps. As another example, if the incoming voice call originates &om the second mobile 
station 140, the incoming voice signal can be coded according to the coding protocol 
10 used in tiie mobile network. This could, for example, be tiie Vector-Sum Excited 
Linear Predictive (VSELP) coding protocol used in PDC today. The Voice Gateway 
200 converts this signal (VSLEP) to ITU^T G.723.1. Similarly, the processor 201 in 
the Voice Gateway 200 converts the IP telephony signal received across the 
Intemetlhtranet 190 from the destination mobile station 130 to a voice signal 
15 compatible witii fbs incraning voice signal. The incoming voice call, which is 
converted to the IP telephony signal, is received by tiie PMSC 210 from the 
Intemet/Intranet 190 and is routed to tiie destination mobile station 130 using tiie 
packet data service provided by l]ie mobile radio network. 

Referring additionaUy now to Figures 2 and 3, tiiere is illustrated a flow 
20 diagram of a method for receiving voice communication by a mobile station from a 
mobile radio network consistent witii tiie embodiment described in Figure 1, and a 
3 signaling sequence diagram for receiving voice communication by a mobile station 
from a mobile radio network respectively. An incoming voice telephone call 
addressed to tiie destination mobile station 1 30, for example using a Mobile Subscriber 
25 Number (MSN) received by tiie GMSC 100 (step 300). The GMSC 100 requests 
routing information from tiie HLR 1 10 for routing tiie incoming voice telephone call 
to tiie destination mobile station 130 (stq> 310). 

The GMSC 100 receives a response from tiie HLR 110 (step 315) and a 
determination is made by tiie CMSC 100 as to whetfier tiie destination mobile station 
30 1 30 is enable of establishing a dicuit-switdied communication on a traffic channel 
(step 320). If the destination mobile station 130 is capable of establishing a 
connection in voice mode, flie HLR 100 provides tfie GMSC 100 witii a response 
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containing a pursuit routing number to the VMSC 120 and die incoming call is routed 
to the destination mobile station 130 as a circuit-switched communication on the 
traffic channel (step 330). If, on the other hand, the destination mobile station is 
inc^abie of establishing a connection in voice mode and the destination mobile 
5 station 130 is capable of supporting a packet-switched commimications on a packet 
channel, the response from the HLR 110 contains a pursuit routing number to the 
Voice Gateway 200. The pursuit routing nimiber to the Voice Gateway 200 indicates 
that the destination mobile station 130 is inc2q>able of operating in the voice mode and 
the GMSC 100 routes the incoming voice call, along with the response from the HLR 

10 1 10, to the Voice Gateway 200 (step 340). 

The identity of the destination mobile station 130 is mapped, eidier by look-up 
table or calculation, to the current IP address assigned to the destination mobile station 
130 used in the packet data connection (step 3S0). The msqiping function is performed 
by the HLR 1 10, the GMSC 100 or, alternatively, by the processor 201 in the Voice 

15 Gateway 200. The Voice Gateway 200 routes the incoming voice call to the 
destination mobile station 130 (step 360) based on its current IP address. The 
incoming voice call is, thus, routed between the Voice Gateway 200 and the PMSC 
210 across the Internet/Intranet 190 (step 360a), and between the PMSC 200 and the 
destination mobile station 130 via the VMSC 120 (step 360b). The IP connection 

2 0 across the Intranet/Intranet 190 is set up using, for example, the ITU-T H.323 protocol. 

The processor 201 associated with the Voice Gateway 200 also converts the 
incoming voice signal, typically a 64 kbps Pulse Code Modulation (PCM) signal, 
received from the GMSC 100 to an IP telephony signal using, for example, ITU-T 
G.723.1 specified speech coding over a User Datagram Protocol/Internet Protocol at 

2 5 5,300 bps or, alternatively, at 6,300 bps (step 370). This could, for example, be the 

Vector-Sum Excited Linear Predictive (VSELP) coding protocol used in PDC today. 
The Voice Gateway 200 converts this signal (VSLEP) to ITU-T G.723.1 . Similarly, 
the Voice Gateway 200 coiiverts the IP telephony signal received across the 
Intemet/Intranet 190 from the destination mobile station 130 to a voice signal 

3 0 coinpatible with the incoming voice signal. The incoming voice call, which is 

converted to the IP telephony signal, is received by the PMSC 210 from the 
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Internet/Intranet 190 and is routed to the destination mobile station 130 using the 
packet data service provided by the mobile radio network. 

Although the preferred embodiment of the apparatus and method of the present 
invention has been illustrated in the accompanying Drawings and described in the 
foregomg Detailed Description, it is understood that the invention is not limited to the 
embodiment disclosed, but is capable of numerous rearrangements, modifications and 
substitutions without departing from the spirit of the invention as set forth and defined 
by the following claims. 
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WHAT IS CLAIMED IS: 

1 . An apparatus for effectuating voice communication between a mobile 
station and a mobile radio network, con^rising: 

a voice gateway for receiving an incoming voice call fiom said mobile 
5 radio network; and 

a processor for communicating said voice call across an Internet 
Protocol communication network to a packet data gateway, said packet data gateway 
having a communication link to said mobile station. 

2. The £q)paratus recited in Claim 1, wherein said voice gateway sets up 
10 a call to said mobile station. 

3. The qiparatus recited in Claim 2, wherein said voice gateway sets up 
said call to said mobile station using ITU-T H.323 protocol. 

4. The apparatus recited in Claim 1, further comprising: 

means for converting said incoming voice call firom a voice format to 
15 an Internet Protocol telephony format; and 

means for converting packet data received across said Internet Protocol 
communication network from said mobile station from said Internet Protocol 
telephony format to said voice format. 

5. The apparatus recited in Claim 4, wherein said means for converting 
2 0 said incoming voice call from a voice fonnat to an Internet Protocol telephony format 

comprises said processor for converting said incoming voice call from an incoming 
64 kbps PCM signal to an outgoing 5,300 bps ITU-T G.723.1 protocol signal and 
fruther, wherein said means for converting packet data received across said Internet 
Protocol conmiunication network from said mobile station from said Internet Protocol 
2 5 telephony fonnat to said voice format comprises said processor for converting packet 
data received across said Internet Protocol communication network from an incoming 
5,300 bps rrU-T G.723.1 protocol signal to an outgoing 64 kbps PCM signal. 
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6. The apparatus iwited in Claim 4, wherein said m 
said incoming voice call &om a voice forniat to an Internet Protocol telephony format 
comprises said processor for converting said incoming voice call from an incoming 
64 kbps PCM signal to an outgomg 6,300 bps ITU-T G,723.1 protocol signal and 
5 further, wherein said means for converting packet data received across said Internet 
Protocol communication network from said mobile station from said Internet Protocol 
telephony format to said voice fomiat comprises said processor for converting packet 
data received across said Internet Protocol communication network from an incoming 
6,300 bps rrU-T G.723, 1 protocol signal to an outgoing 64 kbps PCM signal. 

^0 7. The apparatus recited in Claim 1, wherein said Internet Protocol 

commimication network is an Intemet . 

8. The s^aratus recited in Claim 1, wherein said Intemet Protocol 
comniunication network is an Intranet. 

9. A method for effectuating voice communication between a mobile 
1 5 station and a mobile radio network comprising the steps of: 

receiving an incoming voice call; 

determining ifsaid mobile station is capable of operation in a voice 

mode; 

^ - establishing a circuit-switched communication on a traffic channel of 

2 0 said mobile radio network if said mobile station is capable of operation in said voice 
mode; and 

routing said incoming voice call to said mobile station across an 
Intemet Protocol communication network and a packet data channel of said mobile 
radio network ifsaid mobile station is incapable of operation in said voice mode. 
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1 0. The method recited in Claim 9, wherein the step of determining if said 
mobile station is enable of operation in said voice mode comprises the steps of: 

requesting routing information for routing said incoming voice call to 
said mobile station; 

5 identifying said mobile station as operable in said voice mode if a 

response to said request contains a first pursuit routing nimiber to a VMSC; and 

identifying said mobile station as inoperable in said voice mode if said 
response contains a second pursuit routing number to a Voice Gateway. 

11. The method recited in Claim 10, wherein said step of routing said 
1 0 incoming voice call to said mobile station comprises the steps of: 

routing said incoming voice call to a voice gateway; 
mapping said mobile station to an Internet Protocol address; 
setting up a call between said voice gateway and said mobile station 
located at said Internet Protocol address; and 
15 communicating between said voice gateway and said mobile station. 

12. The method recited in Claim 11, wherein the step of conmumicating 
between said voice gateway and said mobile station comprises the steps of: 

converting said incoming voice call from a voice format to an Internet 
Protocol telephony format; and 
20 converting packet data received across said Internet Protocol 

cominunication network sent by said mobile station from said Internet Protocol 
telq>hony format to said voice format 

13. The method recited in Claim 11, wherein the step of communicating 
between said voice gateway and said mobile station con^rises the stq>s of: 

2 5 communicating between said voice gateway and a packet data gateway 

across an Internet; and 

communicating between said packet data gateway and said mobile 
station via a packet data service of said mobile radio network. 
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